We construct a new two-dimensional N = 8 supersymmetric mechanics with nonlinear chiral supermultiplets. Being intrinsically nonlinear this multiplet describes 2 physical bosonic and 8 fermionic degrees of freedom. We construct the most general superfields action of the sigma-model type and propose its simplest extension by Fayet-Iliopoulos terms. The most interesting property of the constructed system is a new type of geometry in the bosonic subsector, which is different from the special Kähler one characterizing the case of the linear chiral N = 8 supermultiplet.
Introduction
Supersymmetric mechanics with N = 8 supersymmetry plays a special role among extended supersymmetric theories in one dimension. Firstly, like other theories with eight real supercharges, it admits an off-shell superfields formulation, which simplifies its analysis. At the same time, the restrictions which N = 8 extended supersymmetry imposes on the geometry of the target space (see e.g. [1] ) are not too strong. Really speaking, the N = 8 supersymmetric mechanics is the highest-N case among theories in one dimension which have a non-trivial geometry of the bosonic sector. Another important property which selects just N = 8 supersymmetry is the structure of supermultiplets. It was shown in [2] that N = 8 is, once again, the highest-N case when the minimal supermultiplets contain N -bosons and Nfermions. For N > 8 supersymmetry the length of the supermultiplets grows dramatically, what makes the analysis cumbersome.
The first detailed investigation of the one-dimensional sigma-models with N = 8 supersymmetry has been carried out in [3] . The relevant actions for 8 bosons and 8 fermions describe N = 8, d = 1 sigma-models with strong torsionful octonionic-Kähler (OKT) bosonic target geometries. In [4] , a superconformal N = 8, d = 1 action has been constructed for the supermultiplet with 5 bosons and 8 fermions (see also [5, 6, 7] ). Other versions of N = 8 superconformal mechanics were considered in [8] . After completing the detailed investigation of the superfield structure of all linear N = 8, d = 1 supermultiplets in [9] , new variants of N = 8 supersymmetric mechanics were developed [10, 11, 12, 13] .
A variety of constructed N = 8, d = 1 systems still possess the same property -the metrics of the bosonic sigma-models are conformally flat and obey n-dimensional Laplace equations for the systems with n physical bosons. In the case with two physical bosons this condition immediately yields a special Kähler geometry, while for 8 bosons it equivalent to OKT geometry. The natural question then arises, whether it is possible to construct some variant of N = 8, d = 1 supersymmetric mechanics having a different type of geometry? The answer is, for sure, positive for the theories with 4 bosons and 8 fermions which can be obtained via dimensional reduction from any N = 2, d = 4 hyper-Kähler sigma-models. But all such theories admit off-shell formulations only in harmonic [14] or projective superspace [15] , while in ordinary superspaces the constraints describing these supermutiplets are on-shell. Moreover, all these theories will contain 4k bosons. But what about the simplest N = 8, d = 1 supermultiplet with 2 bosons and 8 fermions? Just this case seems to be rather interesting, owing to a deep relation with N = 2, d = 4 supersymmetric Yang-Mills theory. In the present paper we propose a new nonlinear N = 8 supermultiplet which describes 2 physical bosons and 8 fermions 1 . In its construction we combined the constraints describing N = 4 nonlinear supermultiplet [16, 17] with the constraints for N = 8 linear (2, 8, 6 ) supermultiplet [9, 10, 11] . The action for this nonlinear chiral supermultiplet (NCM) may be written in terms of N = 8 superfields in the chiral sub-superspace of N = 8, d = 1 superspace. We analyze the properties of the components action and perform the Hamiltonian analysis of the constructed system. As we expected, the bosonic metrics of the model is not a special-Kähler one.
N=8 Nonlinear chiral supermultiplet in superspace
In the construction of N = 8 NCM we will combine two ideas. One is coming from the description of N = 4 NCM [16, 17] , whereas the second one is the structure of the (2, 8, 6 ) supermultiplet in d = 1 [9, 10, 11] . Thus, in order to get the N = 8 superfield formulation of N = 8, d = 1 NCM, we introduce a complex scalar bosonic superfield Z obeying the constraints
Here, the covariant spinor derivatives
If the real parameter α = 0, it is always possible to pass to α = 1 by a redefinition of the superfields Z, Z. So, we are left with only two essential values α = 1 and α = 0. In what follows we will put α = 1. With α = 0 the constraints (2.1),(2.2) describe the linear N = 8 (2, 8, 6 ) supermultiplet [9] . On the other hand, the subset (2.1) constitutes two copies of the N = 4 NCM constraints restricting the θ-and ϑ-dependence of the N = 8 superfields Z, Z.
The components structure of the N = 8 superfield Z, implied by (2.1), (2.2), is a bit involved in comparison with the N = 4 NCM or α = 0 cases. In order to define it, let us firstly consider the constraints (2.1). It immediately follows from (2.1) that the derivatives D a and
of the same superfield. Therefore, as in the case of chiral superfields, only the components appearing in theθ a ,θ α expansion of Z and the θ a , ϑ α expansion of the Z superfield are independent. Let us define these components as follows 2 :
Bosonic components
Fermionic components 5) where the right hand side of each expression is supposed to be taken with θ = ϑ = 0. Thus, the first part of our constraints (2.1) leaves in the N = 8 superfields Z, Z 16 bosonic and 16 fermionic components. 6) they put the following relations between the components (2.5):
Now it is time to consider the constraints (2.2). Besides the evident reality condition on the
The first two equations in (2.7) and (2.8) expressed the auxiliary bosonic components X,X and fermionic ones τ α ,τ α , σ α ,σ α in terms of physical bosons and fermions and auxiliary bosons A,Ā, B,B. For these auxiliary bosons we have differential equations (last two lines in (2.7)) which should be somehow solved. In the α = 0 case, which corresponds to to discarding all nonlinear terms, these equations read
and may be easily solved. In the α = 0 case we can also find a proper solution. In order to do this, we use the following Ansatz:
inspired by the α = 0 limit of the supermultiplet. Substituting (2.10) into the eqs.(2.7) we get the following equation:
with the obvious solution
Thus, we have only six auxiliary fields, B,B, Y aα and therefore our nonlinear supermultiplet is just the (2, 8, 6 ) one.
It is worth noticing that differential constraints of the considered type may be exactly solved (as in (2.12)) only in one dimension. In all other cases we have to insert these differential constraints (2.7) with Lagrange multipliers in the proper action. Due to the differential nature of the constraints, these Lagrangian multipliers will be vectors with respect to the corresponding Lorentz group. Varying over the auxiliary fields we will express them through field-strengths constructed from the Lagrangian multipliers. Thus, the corresponding theory will contain gauge fields. In one dimension we may also plug these constraints in the proper action. In contrast with higher dimensional cases this gives rise to a (4, 8, 4) supermultiplet in full analogy with the α = 0 case [11] . We will not consider this option here.
Action and Hamiltonian
Now one can write the most general N = 8 sigma-model type action in N = 8 superspace
Here F (Z) and F (Z) are arbitrary holomorphic functions depending only on Z and Z, respectively. Let us stress that in (3.1) we integrated over (anti)chiral superspaces while our superfields are not (anti)chiral. Usually such a trick is forbidden, because the action fails to be invariant under supersymmetry. But for the NCM with the constraints (2.1), (2.2) the action (3.1) is invariant with respect to the full N = 8 supersymmetry. Indeed, the supersymmetry transformations of the integrand of, for example, the first term in (3.1) which might break supersymmetry read
where we used the constraints (2.2) and where
It is evident that the variation in (3.2) disappears after integration over d 2θ and therefore the action S (3.1) is invariant with respect to the full N = 8 supersymmetry.
After integration in (3.1) over the Grassmann variables and excluding the auxiliary fields B,B, Y aα by their equations of motion, we will get the action in terms of physical components
3 We use the convention
Here, we define the metric g 5) and the auxiliary functionsg and γg
Thus, we see that the bosonic subsector of the action (3.4) describes Kähler sigma-models with the metric (3.5). In contrast to the α = 0 case with the special Kähler metrics [16] , the NCM supermultiplet describes the sigma-model with a different metric. It is not immediately clear which type of geometry corresponds to the metric (3.5). All we can say now is that the metric g is the solution of the following equation:
One may easily check that in the limit ψ = 0 (or ξ = 0) the action (3.4) goes into the action of N = 4 NCM [11] .
Now it becomes clear that the net effect of using of N = 8 NCM with respect to standard ones is a new type of metric in the bosonic subsector which is not anymore of the special-Kähler kind.
In the next Section we will clarify the new features of the sigma-model with NCM in the Hamiltonian formalism.
N=8 NCM: Hamiltonian approach
In order to find the classical Hamiltonian, we start from the action (3.4) and first of all define the momenta p,p, π
with the metric g (3.5) and the auxiliary metricg (3.6). Because of the presence in our model of the second-class constraints
we will pass to Dirac brackets {z,p} = 1, {z,p} = 1,
Here we introduced the "improved" bosonic momentap,p aŝ
and defined M,M and N
Being expressed in terms of the "improved" momenta (4.7), the Hamiltonian takes a canonical form
Now one can check that the supercharges Q a ,Q a , S α ,S α 12) form, together with the Hamiltonian H (4.9), the N = 8 Poincarè superalgebra
Thus, we conclude that N = 8 supersymmetric mechanics with NCM corresponds to the rather nontrivial construction of supercharges and describes in the bosonic sector the sigma-model with the metric g (3.5).
N=8 NCM: Potential terms
Up to now we considered only the action of the sigma-model type. In full analogy with the α = 0 case [11] one may try to add to our action (3.1) Fayet-Iliopoulos terms which give rise to some potential terms. In the NCM supermultiplet we have two scalar auxiliary fields B,B, but due to the nonlinear nature of the NCM only their sum transforms through full time derivatives. Thus, we consider the following action:
In physical components the action (5.1) reads
with γ defined in (3.6). The supercharges (4.11) and Hamiltonian are modified as follows:
while the Dirac brackets (4.6) remain unchanged. It is interesting to stress that even for the trivial metric g = 1 the Hamiltonian still contains the potential term.
Conclusion
In the present paper we constructed N = 8 supersymmetric mechanics with the nonlinear chiral supermultiplet. The main interesting peculiarity of the constructed system is the appearance in the action of the "modified" metric, which is not of the special Kähler type. We are still unable to identify this new geometry which is selected as the solution of the equation
We also introduced Fayet-Iliopoulos terms, in order to get potential terms in the action. Unfortunately, no interaction with the magnetic field could be implemented.
4
These results should be regarded as preparatory for a more detailed study of supersymmetric mechanics with nonlinear supermultiplets. It is clear now that the unique way to have an interesting geometry in the bosonic target space is to use nonlinear supermultiplets. In this respect it seems interesting to convert some of the auxiliary bosons into physical ones. In this way one could expect to find some new nonlinear supermultiplets with more than 2 physical bosons and, therefore, one could be able to construct a supersymmetric systems with a new type geometry of the target space.
Another related question concerns the possibility to extend NCM to higher dimensions. Indeed, it seems that it should be possible to extend the defining relations to higher dimensions, at least those where the spinor covariant derivative D [20] .
